Bibliographic tools were used to build an organizational taxonomy in the information studies domain. A classification scheme, three thesauri of indexing terms, and two domain taxonomies were used to collect categories related to the Information Studies Taxonomy. Classification schemes and thesauri were found helpful in creating the structure and identifying categories related to the subject facet. Domain taxonomies were found more current to cover topics in the emerging disciplines. Organizational sources had to be consulted for adding facets to provide for organizational context. This paper describes the steps taken and strategies deployed in the taxonomy development and discusses the strengths and weakness of sources used.
Introduction
Taxonomies are increasingly considered useful tools for organizing contents on Web sites, intranets, portals and repositories to facilitate browsing and resource discovery. They are becoming an essential component of the information architecture underlying these Web initiatives. Taxonomies, classification schemes and thesauri are similar in some ways but differ in scope and roles. For example, taxonomies share a hierarchical structure as a backbone with classification schemes, and share terms with thesauri as building blocks for categories. Taxonomies in essence are composed of the same elements as classification schemes and thesauri (Chaudhry & Saeed, 2001; Bruno & Richmond, 2003) . But taxonomies are mostly employed in an organizational context and focus more on supporting site navigation. Taxonomies benefit from the hierarchical structure of classification schemes for building categories, and deploying terms from thesauri for labeling categories. Taxonomies differ in scope, role and features from classification schemes and thesauri. Wang, Chaudhry and Khoo (2006) provide a detailed discussion of the relationships and commonalities between taxonomies and classification schemes and thesauri. These relationships suggest that bibliographic tools such as classification schemes and thesauri can be exploited for building taxonomies. They cautioned, however, that there are additional considerations in deploying these in an organizational context.
A number of studies have reported using bibliographic tools for building taxonomies in different domains. Saeed and Chaudhry (2002) conducted a study to investigate the potential of classification schemes and thesauri in building taxonomies in the computer science domain. Bertolucci (2003) built a Snoopy taxonomy for a company using the Dewey Decimal Classification. GlaxoWellcome merged terms from seven thesauri to build a taxonomy (Wylie, 2005) . Chaudhry and Tan (2005) explored the use of classification schemes and thesauri to build a cultural heritage taxonomy. Chaudhry and Goh (2005) used thesauri as term sources to build a taxonomy for a consulting company. The American Medical Association used the Medical Subject Headings (MeSH) to build a medical taxonomy (McGregor, 2005) . The Scottish Electronic Staff Development Library (SESDL) built an education taxonomy using the Dewey Decimal Classification and the British Education Thesaurus (http://sesdl.scotcit.asuk/). Most of these studies, however, do not report details of how the taxonomies were developed and how the organizational context was taken into consideration.
We undertook a project at the Division of Information Studies, Nanyang Technological University, Singapore, to build an organizational taxonomy using bibliographic tools. The taxonomy was built to facilitate the organization of knowledge resources and enhance the navigation capability of our intranet site with the objective of promoting knowledge sharing and communication among students and faculty. This paper describes the taxonomy development process and delineates the steps in constructing the categories by using selected classification schemes, the-sauri, and domain taxonomies. The paper also discusses the relevance of classification schemes and thesauri to organizational taxonomies and identifies areas of strengths for their contribution to the process. Difficulties encountered are described, and strategies that could be deployed to overcome the shortcomings of bibliographic tools are proposed.
Organizational context
The intranet portal of the Division of Information Studies (DIS) at Nanyang Technological University was used as an organizational site for possible application of our taxonomy. DIS operates as a Graduate School in information science, and is currently running Master's and PhD programs, and carries out research activities in four major areas-digital intelligence (including digital libraries), knowledge organization, information literacy, and knowledge management. Students and instructors, the two important groups of stakeholders, create content as well make use of information resources available through the portal to perform tasks of study, teaching and research. An audit of the contents of the site and surveys of use patterns of information by stakeholders guided the formulation of the objectives of the taxonomy-to facilitate the tasks of study and teaching through enhanced resource discovery. The taxonomy is expected to play an important role in achieving this objective by providing support for tagging and linking knowledge resources, and aiding navigation on the site. Figure 1 provides an overview of the application environment for the Information Studies Taxonomy.
For our project, the domain of information studies was defined to cover subject areas of library and information science, knowledge management, and information systems, as indicated by course outlines and other documents in the Division. A review of the stakeholders' tasks showed a focus of the Division activities on research, scholarly writing, and education and training.
The target content involves internal as well as external resources, such as course materials, research proposals, project reports, and theses created in the Division, and external resources relevant to teaching and research accessible through the university library and the Web. The content covers a variety of formats, such as Microsoft Word files, PowerPoint slides, Web pages, and multi-media resources.
To encompass multiple factors inherent in the taxonomy application environment, such as the wider subject coverage, more than one group of users, and various types of content, an organization scheme composed of multiple faceted taxonomies was designed. Such an organization scheme is expected to facilitate browsing of information resources from multiple perspectives. Six facets were chosen for the taxonomy, shown in Table 1 . We identified relevant terms from DDC and the three thesauri, and reviewed them for possible use as categories. These categories were then grouped in line with the needs of the stakeholders for constructing hierarchies, and labeled accordingly to make these more user-oriented. These three steps helped prepare a draft taxonomy that was then validated by researchers and further refined by seeking feedback from a group of stakeholders. Steps taken for building the taxonomy are shown in Figure 2 .
Through consolidation of categories into a series of reasonable topics, we identified the main categories to represent the subject coverage of the taxonomy. These were further structured by areas to build a foundation for the taxonomy-a general categorization scheme. Some categories were identified by combining classes/terms identified from the DDC, the Hierarchical Index of the ASIS&T thesaurus, the Information Science Taxonomy, and the areas identified from the stakeholders' interests. For example, we determined the subcategories of the INFORMA-TION AND KNOWLEDGE ORGANIZATION main category by combining classes from the DDC and new concepts from the stakeholders' interests; the subcategories of the INFORMATION TECHNOLO-GIES main category by combining classes from the 000 computer science schedule of the DDC and categories from the Information Science Taxonomy. In the event that relevant categories could not be identified from bibliographic tools, the Division's internal sources and domain references were consulted. We reviewed structures and term relationships in DDC and thesauri to map category terms into the top categories. The mapping was in line with the stakeholder's perspectives by identifying knowledge structures inherent in the Division's internal sources such as course materials. For example, we treated the term Knowledge Management in the organizational communication context; and Digital Libraries in information storage and retrieval systems context. In the event that category terms could not be mapped into 'ideal' hierarchies, cross references were built between them. This is followed by deciding a sort order, in other words, the second-level categories. The sort orders were determined by identifying knowledge structures inherent in course materials to provide a meaningful context. For example, we used activities as the sort order in the Collection Management hierarchy; the Collection Development, Collection Maintenance, Collection Preservation and Collection Assessment categories were selected at the second level.
Several iterations of steps were done to work out the different levels of categories. The main categories were revised according to the change in individual concepts under them. For example, we separated the Collection Management from the Information and Knowledge Management and combined it with User Services since it was not in line with the scope of the Information and Knowledge Management main category. The category terms were iteratively selected to ensure the categories were comprehensive and to provide a reasonable structure. For example, to provide the Information Profession main category with a reasonable structure size, terms were iteratively supplemented from relevant sources. The mapping of category terms to hierarchies and determination of categories also went through several tests and modifications. Category terms under the two facets relevant to the stakeholders' roles and tasks, the COURSE and RESEARCH GROUPS, were identified from the Division intranet. The COURSES facet is a hierarchical structure with 3 levels. The RESEARCH GROUPS facet is a flat structure.
Category terms under three facets relevant to the content, the COURSE MATERIAL TYPES, DOCU-MENT TYPES, and GENERAL REFERENCES, were identified by brainstorming, reviewing content on the Division intranet, and consulting reference books. For example, categories under the COURSE MATERIAL TYPES were identified by reviewing course materials available in the Division intranet. Categories in facets other than TOPICS were determined in line with the stakeholder's vocabularies. For example, categories in the COURSES and RESEARCH GROUPS were selected from the Division intranet. Categories in the COURSE MATERIAL TYPES were from the elearning system that the stakeholders are using.
Feedback from stakeholders was sought for validation on the draft taxonomy. It was passed to 6 students and 4 instructors for review in terms of the coverage, facets, main categories, hierarchical structure, and categories. The taxonomy was further refined based on users' suggestions. For example, missing concepts were added; unclear categories were changed; and some hierarchies were adjusted. The updated version of the Information Studies Taxonomy has more than 500 categories which are rendered by six facets. The largest facet, the TOPICS facet is organized in 12 main categories. The hierarchical 
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structures of the 12 main categories vary from 2 to 9 in width and 2 to 5 in depth. An overview of the structure of the taxonomy is given in Table 3 .
Relevance of bibliographic tools
In the course of building the categorization scheme, we realized that for some categories hierarchical structures have to be completely home-grown. The DDC cannot fully cover all main categories of the subject facet. We found that coverage of DDC was comprehensive in supporting the structure for the following four main categories: Information Institutions; Collection Management and User Services; Information and Knowledge Organization; and Information Technologies. The first three main categories were drawn from 020 (the Library and Information Science schedule of the DDC). Categories in the Information Technologies area were mainly from the 000 computer science and 300 social science schedules of the DDC. In addition, the construction of the Information Society main category benefited from the ASIS&T thesaurus. Its 5 top categories were selected from the Hierarchical Index of ASIS&T.
The structure of seven main categories had to be home-grown due to two reasons. One reason was that the DDC does not cover some areas in the IN-FORMATION AND KNOWLEDGE MANAGEMENT, EDUCATION AND TRAINING, and RESEARCH METHODS AND SCHOLARLY WRITING main categories. Another situation was that the DDC cannot provide a structure since the areas are scattered in several schedules and classes. For example, the INFORMATION INDUSTRY main category is scattered in the classes of the 300 schedule. The other reason was that the structures provided by the DDC were not adopted since they are not in line with the stakeholder's perspectives. For example, the DDC organizes the information retrieval systems class by persons and subjects. It obviously cannot be used in the INFORMATION SEARCHING AND RETRIEVAL main category to effectively group individual concepts and provide intuitive navigation paths.
The DDC caption headings and descriptors from the thesauri and the domain taxonomies provided sufficient category terms. The Relative Index of DDC provided category terms primarily in the four main categories as previously mentioned. Table 3 shows examples of contribution of bibliographic tools in the construction of the Information Studies Taxonomy.
Coverage
DDC was found helpful in ensuring that categories at the same level are comprehensive. For example, bottom categories under Libraries, Special Materials Cataloging, Artificial Intelligence, and Special Computer Programming Techniques hierarchies were quickly identified from the relevant schedules of the DDC. Based on the comprehensive subject coverage and logical hierarchical structure, the DDC was essential to ensure the comprehensiveness of the coverage and hierarchies in the relevant main categories.
The thesauri were helpful for providing category terms, constructing hierarchical levels of categories, identifying scope of category terms, and building see references. The thesauri provided category terms that were not covered by the DDC and the Division's internal sources. They are essential in ensuring the comprehensiveness of the taxonomy categories. Term relationships and scope notes provided were helpful in identifying the scope of terms and constructing hierarchical levels of categories. For example, lower categories under the Messaging Systems hierarchy in the Information Technologies main category were quickly identified from the Hierarchical Index of ASIS&T thesaurus. Both categories and structure in The Information Society main category were selected from the ASIS&T and LISA thesaurus. See references built in the taxonomy were mostly harvested from the three thesauri.
Domain taxonomies were more helpful in identifying individual categories in smaller areas since they are more domain-focused. The three domain taxonomies did not provide help in constructing structures due to their shallower hierarchies with 1-2 levels. The selected classification scheme, thesauri, and domain taxonomies not only provide a good starting point to build the taxonomy, but also ensure that the taxonomy shares and combines the strengths underlying them. Compared to home-grown main categories, main categories based on them are more fleshed out. 
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Reconciliation
Reconciling classes/terms identified from multiple sources into categories was quite challenging. It is particularly difficult for constructing hierarchical structure corresponding to stakeholder's perspectives. For example, the LISA thesaurus puts the knowledge management concept under knowledge; the ASIS&T lists it under information science; and the Information Science Taxonomy categorizes it under information industry. Also, we had to reconcile classes related to Computer Software and Networks from the 000 schedule with these related to Telecommunications from the 300 schedules of the DDC and categories from the Information Science Taxonomy .
Also, unlike the thesauri and domain taxonomies, terms from DDC are library-science focused; descriptors from thesauri using BT, NT, & RT term structure do not fit the DDC hierarchy. For example, the scope and knowledge context of similar terms had to be identified to select an appropriate one, such as bibliographic organization (from the course lecture), bibliographic description (from the LISA), bibliographic analysis (from the Relative Index of DDC), bibliographic control (from the ASIS&T), descriptive cataloguing (from the LISA). In addition, we had to employ a working procedure that can effectively handle multiple sources.
A lot of repetitive concepts had to be removed in building top level categories according to the stakeholders' perspective as these were based on terms drawn by a combination of sources. Adjustments had also to be made to accommodate new areas and concepts. For example, we assigned KNOWLEDGE MANAGEMENT as an individual top category since the Division has a full-fledged Master's program in Knowledge Management. In the INFORMATION AND KNOWLEDGE ORGANIZATION main category, we broadened the concept classification schemes identified from the DDC into CLASSIFCATION to host traditional classification schemes, new concepts such as Web directories and topic maps, and classification theory. We created the VOCABULARY CONTROL and RESOURCE DESCRIPTION top categories for the same purpose. VOCABULARY CONTROL was to host subject headings, thesauri, ontologies, and subject indexing. RESOURCE DES-CRIPTION was to host metadata and tagging. We assigned the DESCRIPTIVE CATALOGING as a top category based on its particular applications in libraries. Some terms and concepts that did not appear in the list were kept to make the top categories comprehensive and robust. For example, INDEXING AND ABSTRACTING was assigned as a top category even though it did not appear in the list.
Knowledge structures inherent in the Division internal resources were identified to ensure the mapping of category terms into the top categories was in line with the stakeholders' perspectives. For example, LISA and ASIS&T put the concept of digital libraries under libraries; but the course materials indicated that it could be put under the INFORMATION STORAGE AND RETRIEVAL SYSTEMS hierarchy. In the event that category terms did not map to 'ideal' hierarchies, cross references were built between the hierarchies. Sort orders of expanding hierarchies were determined by identifying knowledge structures inherent in course materials to provide a meaning context. Hierarchical levels of category terms were constructed by consulting structures/term relationships provided by the classification schemes and thesauri. The comprehensiveness of categories at the same level was examined by reviewing structures/ term relationships provided by them. Domain taxonomies were particularly useful to identify individual categories in smaller areas.
Expansion of hierarchies was limited to manageable levels. For example, to make the INFORMA-TION INSTITUTIONS main category simple and straightforward, numerous classes and levels provided by the 026-027 class of the DDC were dropped. Similarly, the thesauri often provide more detailed terms than needed. Some terms had to be dropped against the size of the structure. On the other hand, some structures had to be expanded to a reasonable size. For example, to provide the INFORMATION PROFESSION and EDUCATION AND TRAINING main categories with a reasonable structure size, category terms were iteratively supplemented from sources.
Categories were determined in line with the concept and the hierarchical levels. The scope of the category terms was identified by consulting sources to determine appropriate categories. Some categories were created at the middle levels to logically connect the upper and lower levels. Categories were determined in line with simple and consistent expressions. Captions from the DDC were changed into short and simple labels. For example, the caption Classification of Subject Disciplines and Subjects was changed into Subject Classification Schemes. Terms from the thesauri were changed in line with the hierarchical context. For example, the term Journal Papers identified from ERIC was changed to Journal Paper Writing to be in line with the SCHO-LARLY WRITING hierarchy. Labels of categories were formatted according to commonly used standards.
Some care was taken to ensure consistency in organization and expression in the taxonomy. For example, the sort order used in the INFORMATION RESOURCES MANAGEMENT hierarchy was consistent with those in the SOFTWARE DEVELOPMENT and DATABASES hierarchies. Expressions of the bottom categories under SPECIAL COLLECTON DEVELOPMENT were consistent with those under the SPECIAL MATERIALS CATALOGING hierarchies. The term collaborative was consistently used in the following categories : COLLABORATIVE CA-TALOGING, COLLABORATIVE TAGGING, COLLA-BORATIVE REFERENCE SERVICES, and COLLA-BORATIVE COLLECTION DEVELOPMENT.
Difficulties experienced
The main categories had to be determined from scratch since the DDC did not cover all disciplinsl and the Information Science Taxonomy did not provide full coverage. Category terms had to be selected from multiple sources in line with the stakeholders' interests. High-level categories in the main categories had to be identified and reconsolidated from multiple sources. Table 4 summarizes the types of support provided by the various tools for building the organization taxonomy. They were expected to be robust to accommodate lower terms. Sort divisions had to be determined from scratch. Sub-categories were expected to reflect the perspectives of the stakeholder (students and faculty). Low-level categories had to be identified and reconsolidated from multiple sources. They were mapped to hierarchies to bring them in line with the needs of stakeholders. The width and depth of the hierarchical structure had to be balanced to facilitate navigation. The scope of category terms had to be identified against the sources to rightly select categories. Category terms from multiple sources had to be reconciled into consistent labels of categories.
Conclusion
The project of the Information Studies Taxonomy demonstrated that classification schemes and thesauri could provide useful support in building taxonomies. But the classification scheme and the selected three thesauri could not provide terms and categories for all disciplines covered in the domain of information studies. The DDC did not provide adequate foundation structure for all the 12 main categories, as additional sources had to be consulted to Table 4 . Support from selected tools Sources Support identify categories. Category terms had to be supplemented from organizational sources; and some labels of categories had to be home-created. The project did help in having clarity about the support that classification schemes and thesauri could provide in building an organizational taxonomy. The hierarchical structures provided by the DDC were particularly helpful in identifying high-level categories. The Hierarchical Index of the ASIS&T thesaurus and the Information Science Taxonomy also contributed to identification of higher level categories. The term relationships provided by the thesauri were helpful in identifying low-level categories and identifying scope of terms. Terminology borrowed from the DDC, thesauri, and domain taxonomies provided good candidates for labels of categories. Classification schemes and thesauri were found helpful in creating structure and categories related to the subject facet of the information studies taxonomy. The organizational sources had to be consulted and several methods had to be employed in taxonomy building process to come up with taxonomy to provide appropriate organizational context. Difficulties were experienced in reconciling terms and concepts borrowed from multiple sources into categories that can be grouped into consistent and uniform structure. We experienced that detailed guidelines would be necessary to overcome the possible difficulties in reconciliation and to exploit effectively the potential of bibliographic tools for developing and deploying taxonomies in an organizational context.
The taxonomy is currently being implemented in an e-learning system by using the TLE-Equella (version 3) software. A metadata scheme with 19 core elements based on GEM 2.0 and accompanying best practice has also been developed. A 'contribute resources' interface has been provided. The stakeholders are contributing content to the taxonomy via the interface. Concurrently, we are preparing for the taxonomy evaluation. The stakeholder's feedback will be sought to assess the effectiveness of the taxonomy.
